Abstract : Exposure to organic solvent vapors was investigated in 40 unit work-
places (with 189 workers) in 16 small-scale industries in north-east Japan (Tohoku District) in which synthetic urushi lacquer was applied to produce non-metal tableware (e.g. soup bowls, rice bowls), flower vases, home altars, etc.
Two furniture factories were also studied.
The equipment used was carbon felt dosimeters and a portable PID-GC (Model 10A10, Photovac, Ontario, Canada ; with minor alterations).
Under the conditions employed, the GC could analyze benzene-toluenexylenes within 150 seconds. Independent of the sizes of the factories studied, efficient local exhaust systems were very popular in spray painting rooms. Toluene was the major pollutant in the workplace air, with small quantities of xylenes, ethylbenzene, and much less frequently, n-hexane. Exposure did not exceed the current occupational exposure limit in all the cases except for the two workers, who were excessively exposed due to the generation of dense vapors in automated spraying process.
In contrast, the maintenance of drying process was rather poor. In the cases of the production of high quality goods, no artificial ventilation system was allowed in afraid of pollution of finished surface with fine dust, and the vapor levels in the workroom tended to be higher towards the end of the shift.
INTRODUCTION
Organic solvents are quite common materials in various types of industries, and they have been introduced even in very traditional factories like urushi-ware (Japan-lacquerware) workshops, as the solvents in synthetic urushi paints. While solvents use in modern industries have been extensively studied and exposures of workers were also well documented,1-5) less attention has been given to analyze solvent exposure condition in family labor-supported cottage industries. Because north-eastern part of Japan, especially Tohoku District, is known to be rich in such industries, survey was initiated as a regional co-operative research to elucidate the intensity of exposure of workers in small-scale factories manufacturing lacquerware such as soup bowls, rice bowls, flower vases, tables or even Buddhistic home altars with synthetic urushi paints. Furniture industries were also investigated where solvent-containing synthetic glue was used. As more than one solvent was usually detected, the sum in the additiveness formula14,15) (i.e.,where Ci and OELi are the observed concentrations of the solvent i and the corresponding occupational exposure limit, respectively) was employed to make overall evaluation of the multi-component mixture of the solvent vapors.
MATERIALS AND METHODS
The occupational exposure limit cited was 100 ppm each for toluene, xylenes, ethylbenzene and n-hexane.16) When 3 or more determinations were made either for exposure concentrations or environmental concentrations, the results were expressed in terms of the geometric mean followed by the geometric standard deviation in the parenthesis and the number of determination.
RESULTS AND DISCUSSION
The typical process to paint urushi ware with synthetic urushi lacquer was composed of 5 to 6 steps. The material (originally wooden, but more popularly plastic one already in the shape of, e.g., bowl or vase etc.) was first undercoated. After the undercoat dried, the coating followed by drying was repeated as necessary until the final coating. When requested, the coat may be polished with sand-paper or whetstones to smoothen the surface or to obtain specified pattern after the final coating. Sometimes, additional painting with brushes, a mimeographic technique or else would be made over the final coat to finish the process. In the case of home altar production, plain wood pieces were put together with glue to make shapes prior to undercoating.
While toluene was the major contaminant of the workroom air, xylenes (three isomers of xylene and ethylbenzene) were present in most cases (i.e., all the workplaces except for Cases 29-32 and 35) presumably as impurities (5-20% of toluene, as total xylenes), and n-hexane was also detected in Cases 5, 6 and 8-10 (concentration being 10-30% of that of toluene).
The results of the survey are summarized in Table 1 by the products in the workplaces and by the sizes of the factories.
Worthy of noting is the fact that the geometric mean exposure concentration was less than 1 unit or, in other words, were below the current occupational exposure limit in almost all the workplaces studied, except for Case 6. Correspondingly, the levels by Measurements A and B were also low. Such low levels were primarily achieved by popular use of the local exhaust booth and a powerful fan to remove the dispersed droplets. The installation of the exhaust system was apparently not limited to the large-scale industries, but even a very small familybased factory used to have an effective system, although the system usually lacked any solvent scrubber to prevent outdoor air pollution. Thus, the exposure intensity did not vary remarkably among the factories of either different sizes nor of different products. The variation in exposure intensity among various jobs was not marked; the exposure levels of painters were not always higher than the levels of those with indirect exposures (e.g., Case 26 in comparison with Case 29). Even hand-spray painters in the smallest factories (Cases 1 and 2) were not exposed to organic solvent vapors above the current occupational exposure limit. In fact, none of the workers except for the two in Case 6 was excessively exposed to the solvent vapor. When the same workplaces were examined once in summer and then in the following winter, the comparison of the results disclosed that the vapor levels were tended to be higher in winter when the windows were closed (Cases 17, 19, 22 and 25) than in summer when the windows were kept open (Cases 16, 18, 21 and 24).
A general tendency was observed that the exposure concentration would be higher than the level the environmental concentrations suggest when the painters make very fine work, keeping their faces close to the objects [e.g., Cases 8 (final brush painting) , 12 (finish) and 23 (screen-painting)], as previously described. 6, 8) In Case 6 where geometric mean exposure concentration exceeded the limit, the two (who were over-exposed) of the four workers took the fixed positions close to spray guns to monitor the spraying operation and remaining two engaged in carrying out paint-wet articles; during the carriage, the wet articles were kept rather close to their chests.
In the case of production of very high quality goods, pollution of the finished surface by house dust was intensively afraid of, and often no artificial ventilation system was installed in the workroom (Case 8 in Table 1 ; also Fig. 2-C) . The exposure of the worker therein was rather high and vapor levels in the workroom tended to be higher towards the end of the shift (data not shown). In case 8, the measurement B could be made only in the morning and might not reflect the highest level in the breathzone air in the afternoon.
The current major difficulties appeared to be in the drying process. In limited cases (e.g., Case 27), a room was reserved for drying process and no human, exposure would take place in association with the drying process except for during the carrying-in and carrying-out. In most cases, however, there was no specified room for drying even in large-scale factories and sprayed wet materials were left in various corners in the painting room and then transferred to other preparatory rooms while they were not dry yet. Such practise brought pollution sources into other rooms (e.g., the inspection room in Case 32 or the polishing room in Case 25 where no solvent was used) and finally pollution may spread throughout the factory (Fig. 2-B and C) . It is apparently desirable to establish a specified drying room to isolate the wet materials and to prevent unnecessary human exposure. The mixing of solvent-containing materials to prepare requested spray-paint could also be a source of high exposure when done carelessly. In one observed case, the mixing practise away from the exhaust booth resulted in the generation of 63 ppm toluene-xylene vapor in the breathzone of the engaged worker.
Because of limitation in survey conditions, no health examination of the workers could be conducted in the present study. The experiences through the survey, however, suggest that the irritation of the nose and the eyes felt in limited workplaces (e.g., in Case 7) cannot be explained by the exposure to the solvents at the observed levels. The possible exposure to an irritant chemical such as toluene diisocyanate in urushi ware production should be considered and deserves further study.17)
